Oxidative modification of Escherichia coli glutamine synthetase. Decreases in the thermodynamic stability of protein structure and specific changes in the active site conformation.
Metal catalyzed oxidation of specific amino acid residues has been proposed to be an important physiological mechanism of marking proteins for proteolytic degradation. After initial oxidative inactivation of dodecameric Escherichia coli glutamine synthetase (GS), the integrity of the GS active site and protein structure was assessed by monitoring ATP binding, observing a susceptibility of GS to tryptic cleavage, and comparative thermodynamic analysis. The tryptic cleavage rates of an active site linked central loop were significantly accelerated for the oxidized conformer. This tryptic cleavage was essentially prevented in the presence of glutamate for native GS but not for the oxidized conformer. The integrity of the ATP binding site in the oxidized GS was substantially altered as indicated by the reduction in fluorescence enhancement associated with ATP binding. Decreases in the free energies of quaternary protein structure and subunit interactions due to oxidative modification were determined by temperature and urea induced unfolding equilibrium measurements. Comparative thermal stability measurements of a partial unfolding transition indicated that the loss in stabilization free energy for the oxidized GS conformer was 1.3 kcal/mol dodecamer. Under alkaline conditions, the urea-induced disruption of quaternary and tertiary structures of oxidized and native GS were examined. This comparative analysis revealed that the free energies of the subunit interactions and unfolding of the dissociated monomers for oxidized GS were decreased by 1.5 and 1.7 kcal/mol, respectively. Our results suggest that small free energy decreases in GS protein structural stability of only 1-2 kcal/mol may be responsible for the selective proteolytic turnover of the oxidized GS.